Objectives. To determine safe distances within the orbit outlining reliable operative area on the basis of multislice computed tomography (MSCT) scans. Patients and Methods. MSCT of orbits of 50 Caucasian patients (26 males and 24 females, mean age 56) were analysed. Native scans resolutions were in all cases 0.625 mm. Measurements were done in postprocessing workstation with 2D and 3D reconstructions. The safe distances values were calculated by subtracting three standard deviations from the arithmetical average ( = AVG − 3 STD). This method was chosen because this range covers 99.86% of every population. Results. The results of the measurements in men and women, respectively, are as follows (1) distance from optic canal to supraorbital foramen, mean 46,49 mm and 43,29 mm, (2) distance from the optic canal to maxillozygomatic suture at the inferior margin of the orbit mean 45,24 mm and 42,8 mm, (3) distance from the optic canal to frontozygomatic suture 46,15 mm and 43,58 mm, (4) distance from the optic canal to anterior lacrimal crest 40,40 mm and 38,39 mm, (5) distance from superior orbital fissure to the frontozygomatic suture 34,06 mm and 32,62 mm, and (6) distance from supraorbital foramen to the superior orbital fissure 42,32 mm and 39,39 mm. Conclusion. The most probable safe distances calculated by adopted formula were for the superior orbital fissure 23,39-30,58 mm and for the orbital opening of the optic canal 31,9-38,0 mm from the bony structures of the orbital entrance depending on the orbital quadrant.
Introduction
While operating within the orbit surgeon must cope with number of important structures located in a small area, in a nontransparent environment. Position of the soft tissue structures in reference to the easily identifiable bony points is helpful and could prevent serious complications [1] [2] [3] [4] [5] [6] .
The surgeons should also remember the anatomical variants of the osseous structures of orbit [7] . In our opinion, the published data of the orbital dimensions measured in living patients by multislice computer tomography (MSCT) technique is fragmentary. The majority of published data also concerns other populations than the population of this study [8] [9] [10] . The available studies defining safe operating distances within orbit were made in cadavers [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Our technique of measurements relaying on MSCT could be used in real life, in preoperative assessment as standard and valuable tool for the surgeon. The purpose of this study was to determine the minimal safe distances useful for clinical requirements.
Material and Methods
The study group was constituted by MSCT scans of both orbits of 50 adult Caucasian patients (26 males and 24 females, mean age 56). All the patients were diagnosed in 2nd Department of Clinical Radiology, Warsaw Medical University, Poland, during period from February 2008 to August 2013. The material of the study was collected retrospectively; therefore permission of ethics committee was not needed. The indications for all the examinations were various, nontraumatic pathologies not involving orbital structures. Patients with osseous wall pathologies of the orbit (i.e., traumatic or neoplastic) were excluded from the study group. CT examinations were made in GE Lightspeed 16 Pro scanner with slice thickness of 0.625 mm and sharp kernel reconstruction. The measurements were made in GE Advantage Windows 4.3 workstation with three-dimensional options. The points of measuring line were inserted in axial scans in appropriate bony structures and then on 3D image the total length between line inserts was noted. This method of placing line inserts in 2D image and noting the 3D distance between them was used because of imperfection of solely 3D measurements. Placing the inserts of the measuring line in high resolution 0,625 mm 2D axial images allowed minimizing calculation error of the 3D spatial reconstruction.
The following parameters were measured ( Figure 1 ): (A) on the lateral orbital wall: the distance between intersection of the frontozygomatic suture (FZS) on lateral orbital edge and entrance of optic canal (OC), superior orbital fissure (SOF), and inferior orbital fissure (IOF) ( Figure 2) ; (B) on the superior wall: the distance between supraorbital notch or foramen and entrance of optic canal, superior orbital fissure, and meningoorbital foramen (Hyrtl canal) ( Figure 3) ; (C) on the medial orbital wall: the distance between anterior lacrimal crest (ALC) and entrance of optic canal and anterior and posterior ethmoidal foramina (AEF and PEF) ( Figure 4) ; (D) on the inferior orbital wall: the distances between zygomaticomaxillary suture (ZMS) and optic canal and anterior edge of the inferior orbital fissure ( Figure 5 ).
The additional measurement was made on the lateral wall: the distance between intersection of the frontozygomatic suture on lateral orbital edge and meningo-orbital foramen (Hyrtl canal), if this structure was present ( Figure 6 ).
Statistical analysis was performed by STATISTICA v. 8. The value of ≤ 0.05 was accepted as statistically important. In certain possible cases double sided critical field was chosen.
The data analysis could be divided into two groups: descriptive (divided by sex and side of the skull) and linear (measurements) variations. The following parameters were measured for linear variations: number, mean asymmetry, standard deviation, median deviation, minimal value, maximal value, kurtosis, and skewness coefficient.
The analysis of mean values was based on parametric Student's -test or Cochran-Cox depending on results of test in descriptive variation based on sex (analyzing if equal variations parameters in both groups were applied).
Student's -test was applied in descriptive variation based on the skull side (two values in the same patient).
The safe distance values for studied orbits were calculated by subtracting three standard deviation values from the arithmetical average ( = AVG − 3 STD). Safe distance value calculated based on the presented method can cause complication risk of 0,135%. Statistically this is one case per 740 surgical procedures.
Results
The variation range of the measured parameters according to the gender and skull side/head side is presented in Table 1 .
The results of measurements in superior quadrant of the orbit were as follows: The results of measurements in medial quadrant of orbit consisted of the distance from the optic canal to the anterior lacrimal crest, which had 40,40 mm (±2,76) and 38,39 mm (±1,85) in men and women, respectively. The analysis of data from tables showed that there were statistically significant differences between dimensions measured on CT scans depending on gender, greater value in males compared to females ( < 0.05).
There were some statistically significant differences between right and left sides in the studied cases.
The distance between the OC and the ALC was bigger on the right side in both females ( = 0,0011) and males ( = 0,0346). The distance between IOF and FZS was bigger 4 Advances in Anatomy Advances in Anatomy 5 on the right side in females ( = 0,0336). Also the distance between IOF and ZMS was bigger on the right side both in females ( = 0,0008) and in males ( = 0,0491) ( Table 2 ). There were no other statistically significant differences in measured values between sides in the study group.
The location of Hyrtl canal was noted in 5 cases between all 100 orbits (5%). The distance between meningo-orbital foramen and FZS was 24,7-32,3 mm and between meningoorbital foramen and supraorbital foramen was 25,1-36,4 mm ( Table 4) .
The safe distances were calculated by inserting average values and standard deviations to the formula = AVG − 3 STD. The results of these calculations are presented in Tables 2 and 3 . The superior orbital fissure and orbital opening of the optic canal are located no shallower than 23,6 mm and 38,0 mm from the bony structures of the orbital entrance, respectively, and these values constitute the safe distances for operating purposes.
The safe distances for superior quadrant of the orbit were equal: from OC to supraorbital foramen the distance was 36,9 mm in men and 36,3 mm in women and from supraorbital foramen to SOF the distance was 30,5 mm in men and 29,8 mm in women.
The safe distances for inferior quadrant of orbit are as follows: from OC to ZMS at the inferior margin of the orbit the distance was 34,65-36,83 mm depending on sex and side.
The safe distances for lateral quadrant are as follows: distance from OC to FZS was 38,0 mm in men and 37,43 mm in women and distance from SOF to FZS was 24,1 mm in men and 23,7 mm in women.
The safe distances for medial quadrant of orbit are as follows: distance from the OC to ALC was 31,9-33,6 mm depending on sex and side.
Discussion
Modern technologies, such as surgical navigation systems, used in the orbit surgery make surgical procedures more safe and they are increasing accuracy of reconstruction [19] . Beside that convenient surgery support, operator needs to be familiar with minimal distances from the orbit structures to the optic canal.
There are only few papers in the available literature, which could be referred to the results obtained in this study. Simonton et al. [20] determined safe distances for lateral orbitotomy, but their measurements were closely related to the cranial cavity. In our study we have described distinctive topographical points, which are easy to find in the orbit entrance plane. The most probable safe minimal distances to the optic canal were established from these points (Table 3 ) (Figure 1 ).
Medial Wall.
These distances are especially important in surgical procedures such as ethmoid vessel ligation, exploration of the medial wall fractures, the anterior skull base reconstruction, tumour resection, ethmoid sinus exenteration, orbital decompression, transethmoidal sphenoidotomies, closure of cerebrospinal fluid leakage, and transethmoidal and sphenoidal hypophysectomy [17, 18, [21] [22] [23] [24] [25] . The reference point in the medial quadrant is the anterior lacrimal crest which is located, according to various authors, 29-53 mm from the entrance of the optic canal [10, 12, 14, 15, 18] . In our material this distance was 40,4 mm for men and 38,39 mm for women (Table 1 ). There were statistically important differences in OC-ALC distance between right and left sides both in women ( = 0,0011) and in men ( = 0,0346). The greater values were measured on the right side. This observation confirms the data published by Kadanoff and Jordanov [26] . In this paper wider orbits were observed on the right side in 63% of cases and on the left side in 15,4%.
The mean values of OC-ALC distance in other populations were bigger than in our material ( Table 5) .
The anterior and posterior ethmoidal foramina are important structures of medial orbital wall. They have relatively variable position to the ALC and frontoethmoidal suture and also vary in number with accessory foramina [11, 17, 18, 24, 27] . Single accessory ethmoidal foramina were detected in 38% and double foramina in 2,4% by Takahashi et al. [24] . The accessory ethmoidal foramina were defined in the above-mentioned paper as located between anterior and posterior ethmoidal foramina. When only one was present, it was named middle ethmoidal foramen; when two were present, the one located closer to the posterior ethmoidal foramen was named deep middle ethmoidal foramen [24] . In current paper we measure distance between zygomaticomaxillar suture and the optic canal instead of the infraorbital foramen. * * Rontal used the distance between infraorbital foramen and posterior wall of the maxillary sinus for the inferior quadrate's safe distance. Whenever we add to this diameter mean distance between the posterior wall of the maxillary sinus from the optic canal (12 mm), we gain comparable similar results of other authors [15] . * * * NA: dimensions were not measured. * * * *
McQueen studied 54 single sided orbit; safe distances to the optic nerve were identified by subtracting 5 mm from the shortest measured specimen.
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(1) type I: single ethmoidal foramen (usually isolated AEF) was observed in 1,6% [17] and in 0,8% [28] , (2) type II: double EF (the most common, single AEF and PEF, each) was observed in 61% [17] and in 73,7% [28] , (3) type III: triple EF was observed in 28,5% [17] and in 24,4% [28] , (4) type IV: multiple EF was observed in 8,8% [17] and quadruple EF in 1,1% [28] .
In our material accessory posterior ethmoidal foramen was observed in 10% of the cases. According to other authors incidence of more than one PEF is above 25% [18] . In other papers [28] EFs were identified as single in 0.8%, double in 73.7%, triple 24,4%, and quadruple in 1.1% of the specimens. The mean distances between ALC and AEF, ALC and PEF, and ALC and MEF were 27.7 mm, 10.6 mm, and 12.95 mm, respectively. The distances from ALC-AEF, AEF-PEF, and PEF-OC were 27.7 mm ± 2.8, 10.6 mm ± 3.3, and 5.4 mm ± 1 mm. The ethmoidal foramina are located in the frontoethmoidal suture line in 68% of cases and above this line in about 20% [24] or according to other authors in 32% of cases 1-4 mm above the suture [27] . The key role in surgery of medial orbital wall is reserved for the distance between PEF and OC, which according to Rontal is no less than 3 mm [18] . But other authors observed this distance between 4,3 mm [17] and 7,25 mm [29] . Other authors gave arithmetic average of this value (Table 5 ) [11, 13, 14, 24] . Abed distinguished first PEF (mean 11,63 mm from OC) and last PEF (mean 7,25 mm from OC) [11] . In our material mean distance from PEF to OC was 7 mm (first PEF), like in Harrison 7 mm for the first PEF and 5,65 mm for the last PEF [30] . Harrison observed that in 30% there are multiple EFs and in those cases this distance may be only 2 mm short [30] . This situation may increase risk of optic nerve injury during coagulation of the posterior ethmoidal artery. The most probable safe distance for medial wall of orbit according to our measurements is 31,9-33,6 mm for ALC-CO, 12,7-14,4 mm for ALC-AEF, and 20,9-23,16 mm for ALC-PEF depending on sex and side 
Superior Wall.
The most frequent of surgical procedures of superior orbital wallare frontal ethmoidectomy, frontal sinus trephine, frontal sinus obliteration, orbital decompression, exploration for fractures, lacrimal gland, or other tumours' excision and orbital exenteration [18, 22] . The incision must be made just below the eyebrow if the supraorbital nerve and the elevator muscle of the upper lid are to remain intact [18, 30] . The supraorbital notch or foramen is usually found in parasagittal line connecting the mental foramen with the infraorbital foramen [18] and about 5 mm from the orbital margin [30] . Mean values of distance from the supraorbital foramen/notch to the optic canal are usually between 40 mm and 52,93 mm according to other authors [8, 10, [12] [13] [14] [15] 18] . In our material this distance was 46,49 ± 3,2 mm for men and 43,2 ± 2,33 mm for women. The superior orbital fissure is usually located 35-52 mm from the supraorbital foramen/notch [8, 10, [12] [13] [14] [15] 18] . In our material this distance was 42,3 ± 3,92 mm for men and 39,39 ± 3,21 mm for women. Mean values of supraorbital foramen to optic canal in our material were comparable to other populations [12] [13] [14] [15] 18] but were statistically significantly lower than in Chinese population (52,9 mm and 50,89 mm for men and women, resp.) [10] , Kenyan population (53,25 mm and 51,93 mm for men and women, resp.) [16] , and Egyptian population (49,64 mm and 48,16 mm for men and women, resp.) [8] . The most probable safe distance for orbital roof concluding from our study was 30 mm for superior orbital fissure and 35 mm for optic canal. Rontal also provided similar safe distance: 30 mm for orbital roof [18] . The results of other authors are similar and are between 35-43,7 mm for superior orbital foramen, OC, and 31,9-40,1 mm for superior orbital foramen, SOF [8-10, 12, 14, 15] .
Lateral Wall.
The knowledge of lateral orbital wall anatomy is crucial for all the surgical procedures, like explorations of orbital fractures, lateral orbitotomy during tumour excisions, orbital decompression, and excisions of the lacrimal gland [18, 22, 25] .
The mean distance between frontozygomatic suture and the optic canal was measured between 40 and 53 mm [10, 12, 14, 15, 18] . In our material this distance was 46,15 ± 2,70 mm for men and 43,58 ± 2,05 mm for women.
The mean distance between FZS and SOF was found between 34,5 mm and 39,94 mm [8, 10, 12, [14] [15] [16] 18] . In our material this distance was 34,06 ± 3,32 mm for men and 32,62 8 Advances in Anatomy 
Inferior Wall.
The knowledge of inferior wall anatomy is important for several procedures, that is, maxillectomy, explorations of fractures, or tumour resection [18, 22] . The posterior wall of the maxilla lies as close as 26 mm from the infraorbital foramen [18] . The optic canal lies usually about 12 mm beyond this point [18] . The measurements of distances between zygomaticomaxillary suture, the optic canal, and anterior edge of the inferior orbital fissure are in our opinion better than dimensions from infraorbital foramen because the zygomaticomaxillary suture is easier to be palpated by the surgeon. The mean distance of the optic canal to the infraorbital foramen is reported between 39,4 and 55,18 mm [8-10, 12, 13, 16, 18, 31] . In our material this distance was 45,24 mm for men and 42,79 mm for women. This distance was statistically significantly greater in Kenyan population 55,18 mm for men and 53,63 mm for women [16] . The mean values of distance inferior orbital fissure from the infraorbital foramen are reported in range 21,7-37,43 mm [5, 8, 9, 13, 15, 16, 18] . In our material this distance was 23,3 mm for men and 20,8 mm for women.
There were clear differences in distances concerning SOF on the right and left sides due to different shapes of SOF [8] . The variation range determined during our study covers the majority of the average values provided in the literature. The presence of meningo-orbital foramen (Hyrtl canal) in 5% of cases is worth mentioning. According to other authors this variant is found in 6-55% of population [7, 15, 18, 32, 33] . It is a potential source of hemorrhage during deep lateral orbital dissection, because it functions as an anastomosis between the lacrimal artery and the middle meningeal artery [7, 18, 31, 32] . The distance between meningo-orbital foramen and FZS was found in range of 25-39 mm [15, 18, 31, 32] . In our material this distance was in range of 24,7-32,3 mm (Table 4 ). The distance between meningo-orbital foramen and supraorbital foramen was reported in range of 12-37 mm [15, 18, 32, 33] . In our material this distance was 25,1-36,4 mm ( Table 4) .
Assessment of the most probable safe distances calculated in this paper is also comparable to the data provided by other authors [9, 14, 15, 18] . Only the data on Egyptians published by Fetouh and Mandour [8] and by Danko and Haug [12] show significant difference (Table 3) . It can be explained by relatively small study group of these papers, consisting of only 8 cases (16 orbits). Beside that Danko and Haug [12] performed their measurements on specimens with preserved soft tissues unlike other authors who used macerated skulls.
McQueen et al. [15] calculated the safe distances by subtracting 5 mm from the lowest obtained value. In our study the formula = AVG − 3 STD was applied. Despite different criteria used to determine the safe distances and genetic differences of the examined material the results are comparable. We speculate that population differences do not significantly influence the safe distances values in the orbit because they provide a large safety margin and vary between 23,39-30,58 mm for the superior orbital fissure and 31,90-38,02 mm for the orbital opening of the optic canal from the bony structures of the orbital entrance depending on the orbital quadrant (Table 2) .
